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ABSTRACT:

When you think about the Architecture, Engineeramgl Construction (AEC) Industry people tend to referaew buildings, but
nowadays the recovery of existing ones is increggitne subject of the research. The current hisibicontext raises this issue at
the center of numerous thought due both to econantcenvironmental conditions. So, the need tarbésh the cultural heritage is
becoming more important than the construction of beildings. Modern technologies allow professientd do this to turn the
buildings into structures capable to meet the Usersort with a considerable energy saving. Itialyrying to make a change to the
construction industry through the national InnovAN@Ebject, which aims to develop the first natiodatabase able to share
information among professionals through the hel@Boilding Information Modeling (BIM). In this way thsubject involved in a
construction process can update their way of warkivith a consequent time and cost saving. Thigpajms to present the way in
which the InnovANCE project can be considered askthefor Italy to change the way to conceive thddiog industry, using a
case study such as the old thermal power of Paliteai Torino, starting from the survey step. Thethodology followed to obtain
the 3D model will be described, starting from ttegadof a topographic and a laser scanner surveyrandan archival documents

research.

1. INTRODUCTION

The world environmental and economic conditionspy8ing on
Europe and specially on lItaly, require a change tloé
development strategies of the society starting fittve built
environment in which people live.

Usually the AEC Industry is focusing on new buildingithout
paying attention to the cultural building heritaga, the need
to refurbish existing buildings, transforming theémo smart
buildings, is an essential research field in ltalyhe last years.
We know that the term ‘smart buildings’ describesuite of
technologies used to make the design, constructod
operation of buildings more efficient, applicable both
existing and new-build properties. These might udel
Building Management Systems (BMS) that run lightingating
and cooling systems according to occupants’ needsftware
that switches off all PCs and monitors after eveeybas gone
home. Of course, BMS data can be used to identidjtiadal
opportunities for efficiency improvements.

Adding to this, we can consider a smart buildirgjrdelligent
building, not only for a number of technologiestthaontains,
but also analyzing the method used to make thedingil
starting from the design phase arriving to manageméase.
This idea goes well with Building Information Modwdj (BIM).
Recently smart buildings has received much attergt®owell as
BIM and interoperability as independent fields. Tklthese
topics is an essential research target to helpgdes and
stakeholders to run processes more efficiently.aAsatter of
fact, to work on a smart building requires the 0$dCT to
optimize design, construction and management. Naysd
several technologies such as sensors for remotéariog and
control, building equipment, management software, are
available in the market. As BIM provides an enormaosunt
of information in its database and theoreticallig iable to work
with all kind of data sources using interoperapijliit is
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essential to define standards for both data cositend format
exchange. In this way, a possibility to align resbaactivity
with Horizon 2020 is the investigation of energyisg using
ICT, and BIM and interoperability can play a key rdte
transform existing buildings into smart buildingis idea was
reflected in the InnovANCE project which aims to eiep the
first national database for the AEC Industry. Thishave will
be able to involve all professionals in the congtan process,
deleting misunderstandings that generate ineffaemn
optimizing each step of the process in term of gneaving and
price performance. The use of this database igtlgtrelated to
the use of BIM which gives the possibility to manaethe
construction process, reducing errors and costhoAgh this
project has many positive aspects there are etiflesdifficulties
related to the full creation of this idea.

First of all there is the need to change the wagdocept the
project because today professionals are used th with CAD
tools, secondly the BIM process is used for newdiug rather
than for existing building. This is related to flaet that existing
buildings have many constrains to respect, cornisigehe will
to preserve the correspondence between the parameidel
and the existing structure. Adding to this the rioperability
process is not error free.

To overcome these problems would be enough to train
professionals according to this new methodologyliegpto
existing building, using the InnovANCE database ecity. To
solve problems related to sharing of data it iseesary to use
the correct standard exchange formats and a conedeling.
Other states such as the UK have proceeded with the
development of national database of BIM objects,ledal
National BIM Library (NBL), to streamline the buildin
process, setting a common approach to quality stalsd
throughout the AEC industry. The NBL has the tasgramote
greater consistency of information improving théladmoration
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between professionals. At the end of the InnovANCE&jqet
(July 2015) all of this will be possible in Italyd.

The purpose of this database is to improve theirghaof
information between different professionals witkanproject,
solving the interferences between them, avoidiegctieation of
mistakes, decreasing costs, obtaining good results.

Relating to existing buildings, the design stepseh&een
simulated with the BIM methodology in a traditional
professional studio used to work CAD tools. Startirgm an
international bibliographic research and a moraitést plan for
the state of the art of BIM in the most advancedntides, all
the design steps have been set in the construptioject to
facilitate the transition from CAD to BIM.

At the beginning of the InnovANCE project, a casadgthas
been selected: the old thermal power plant of ti@eenico di
Torino. This is a building square shape built ia thid-50s: the
structure will change its native function becauserflarge
classrooms reserved for teaching will be made @ngid

j <8 "; Vi : AERW Y >

of the old thermal power(imag&acted
from Google Maps)

At present the database is continuously implemerdad

improved with a lot of tests using different casedges to find

the easy way that will be followed by the professils which

want to use the InnovANCE database.
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2. METHODOLOGY

During the first phase of the InnovANCE project timas spent
to set properly the methodology that will be folkavin the
future of the project, beginning to develop the apaetric
model. More tests are needed to test the 3D madspécific
applications, deepening the interoperability issagiving to

define guidelines for the correct use of BIM for the

refurbishment of the existing buildings. Existingilding have
a number of major difficulties than new buildingsit the use of
new technologies mentioned above gives the oppitytdor
professionals to manage data, querying the 3Dmthdeligh a
iterative and interactive steps that charactetieeBIM process.
The case study analyzed consists of the refurbishrokthe
former thermal power plant of Politecnico di Torin®his
choice joins the current need in which the issuthefrecovery
of buildings is also a priority in government padis. Adding to
this, there is the need by the university to inseetihe numbers
of rooms that can be used for educational purposes.
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Figure 2. 3D Massing Model of Politecnico di Torifoo
shading study

The building is located adjacent to the newly corcted

building that forms a part of the Doubled of theévensity. It

has the east-west orientation that can be explaitéde design

phase for natural building. The structure will cbarits native

function because four large classrooms reservede@aching

will be made inside it.

Based on what we just said before the research kas b

organized and developed considering three esseftiaents:

- The working methodology based on the data

exchange following the interoperable way and the
problems’ solution related to it;

- The data hierarchy during the different phasedef t
design and the role of professionals in the filing
data steps in the 3D model;

- The existing rules and the need to update them.

So, in order to organize the work to be performgadssible
areas concerning the project management, in whichs i
necessary share information to develop the full Biislye been
identified.

Architectural Design
Capture Step
Conceptual Design
Working Drawing Structural
Engineering
Structural analysis
Analytical model view

Marketing
Animations
Rendering
Virtual premises

Use Maintenance
Serivicing
™M
Buiding Management

Prefabbricated
Panel Engineering

constivction Building automation

4D Systems analysis

Bills of quantity
Cost estimates
Procurement

Figure 2. Organization of the building process

As seen from the above figure, eight areas have lemtified;
at present we have focused on the Architecturaigdestep.
First of all, due the importance of the context Igsia, a
research based on the archival documents (by aum)tand a
geometric survey (by an external team) have beere.ddhe
geometric data capture needed for the developingthef
parametric model in Autodesk Revit. This step toddce in
two parallel and complementary ways: the first wags
characterized by a topographic survey using a &itdion for
the measurement of the essential elements of thernax
facades, while the second by the use of laser scaion the
external and internal part of the building.

Energy analysis
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Figure 3. Survey of the Main Campus realized usitafal
_ station. (realized by Eraldo Mondino and Danieleczdia)
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Figure 4. Point Clouds of the old thermal power.
(realized by A.Lingua charge from the constructmml logistic
area of the Politecnico di Torino)
The reason of these two way is due to the fact ithatas
necessary to check data coming from different sssjrasing
the BIM process. The use of laser scanner to oltkenpoint
clouds was fundamental for the correct location anentation
of the model: this should facilitate the subsequkgiting
simulations. Adding to this, the point clouds oé tinternal part
of the building have helped us to observe incoesises
between the design documents and the existingibgild
wwelons. Longifidinals £ f
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Figure 5. Longitudinal section of the old thermalyer, coming
from archival documents.

At the same time an historical research was coedutd find
the original project which are essential to chduk toherence
with the building constructed.

This comparison showed some differences like famgle the
beam system of the principal floor modified to ple boilers
inside of the structure. Following this procedure wbtained
some information useful for the concrete reinfoream In
order to simulate a real situation and to optimite
information sharing between different professionai®lved in
a project worksets has been created, developingtbenation
exchange idea. Worksharing is a design method ahatvs

s
e s
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multiple team member to work on the same projediehat the

same time.

-—I-Zigure 6. Image 6f the.\'/vorkset displg);. .‘

Worksets are like boxes in which divide differemtris of the
project, like for example internal walls, externadlls, roof,
slabs and also the point clouds’ survey; they tfinepossibility
to the various subjects to work each on a localehtidd to a

central model that
synchronization of files.

is updated constantly throughe th

Before to start with the modeling step it was esakrtb
organize all data available to us using them pigpand
smoothly, arriving to the development of the 3D wlodf the
existing condition. We have not immediately startednodel,

but we have organized the building

information mMode

according to the discipline, that is according e sector in
which we went to work (Architectural, Structuralysiem, etc.)
and according to the different phases of work o€ th
refurbishment of the former thermal power plant. tBe Project
Browser has been modified to view the information tlre

preferred way.
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Figure 7. Browser organization of the 3D model.
Also we have assigned to each element the tempurase
related to the time when the element compare irsthecture,
and for this reason the database can be usedd@otistruction
phase of the project (BIM 4D). For this study we idated the
first phase to the point clouds’ survey and atftet we created
the existing phase, associating each element toctmeect

phase.

With such a large amount of data, the work orgaitnaand the
data management have become very important: ferrd@ison
the parametric model was organized in the appripneay,
considering each discipline and each phase in dhstaiction

process.

In this way once filled data in the information nebd
professionals can visualize it and can use it fpec#ic
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calculation, avoiding errors, reducing time costtaining
good results.

As said before, the first step was to check thesistency

between laser scanner survey and archival document_ -

Therefore, we created the structural grids andufately, from
its overlap with the point cloud exists a good liilge The grids
were created according to the type of element hedtytpe of
source that has allowed its localization.
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Figure 8. Image of the structural grids.
Since the model was populated with data from diféisource,
some design parameters were created: these and tsethe
designer because in this way he can assign toelaofent the
source from which it is derived.

Although there are obvious advantages arising ftbenpoint
clouds for the development of the architectural eipbowever
there are also some disadvantages such as theforeese of
PC able to manage large quantities of data in $lmetand the
not error free interoperable process. The preseftke point
clouds, the topographic survey and the design deatsnwas
crucial for the development of the parametric modetause
has greatly facilitated the data processing anit thelusion in
the graphic database. The data management accoalitige
BIM process will require the creation of a referetemplate to
be used for the refurbishment of the existing bogdd.

3. RESULTS

With this study it is clear how the BIM can give aeat
contribute to transform an existing building inraast building
and InnovANCE project is an opportunity for the AE@luistry
to change the way of conceive the constructiongssc

During the first year of research the first resutstained is
undoubtedly the organization among professionatiet@lop a
shared model with Revit. In order to organize thakwio a
better way considering all the construction proddssitifying
subjects which have to share information to betiver the
BIM process.

Analyzing the former thermal plant of Politecnico Tbrino
gave the possibility to test the BIM process on texis
building, using data coming from different type safrvey and
archival documents. In this way we discovered hbig imore
difficult manage a large quantity of data to depedoparametric
model related an existing building than a new bodd
However, this study will allow us to develop thiete also to
refurbish the cultural building heritage.
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Figure 8. Image of the control level.

Analyzing the step of the point cloud managemerd, have
inserted a level of control to correctly identifyet spaces and
the elements. We choose to use a level as a fumattio
horizontal section to facilitate the display of ralnts that are
visible from point cloud as previously anticipated@he
implementation of these control levels has provedy wseful
because some components were difficult to detettnauld be
complex insert the object in the right space.

At present we have created the model of the egidhmilding
starting from survey data. We know how the orgaioneof the
information is important in a BIM process; this Is@ma goal of
INnnovANCE that aims to standardize alphanumeric satiat
are able to identify building components and buidimaterials.
So by the end of the project, to each BIM objectl Wit
associated to an InnovANCE code able to identify wag the
building component within the project, becoming tpaf the
INnnovANCE database. This will be possible with thddAn
which is in a beta phase in Autodesk Revit.

4. CONCLUSIONS

The need to create a database of free accessrdagtail the
information useful to the AEC Industry should be sidered as
the first step in the renewal of this sector iylta

The current traditional system fails to meet theréasingly
demanding needs of performance capabilities inderhenergy
reduction.

In the InnovANCE archive, for each phase of the gss¢ will
be encoded uniquely named and described all ofpkges and
products in the AEC Industry through systems forlemting
shared information to all professionals. In thisywaill be
possible to optimize the energy performance otihikding and
also the building process. Certainly, at presenspent a lot of
time to analyze the method which allow to transfamrexisting
building in a smart building and also we have wdtee first
step of a refurbishment; in the next year will lmsgible focus
on the other phases. More tests are needed tth&eeS8D model
in specific applications, deepening the interopiéitgbissue,
arriving to define guidelines for the correct ugeB&M for the
refurbishment of the existing buildings. As intregd before,
existing buildings have a number of major diffioedt than new
buildings, but the use of new technologies mentioabove
gives the opportunity for professionals to manag@,dquerying
the 3Dmodel through a iterative and interactivepstéhat
characterize the BIM process.

The elapsed time was essential to set the job dyopad to
achieve the objective of the project for subsequestarch.
Additional time is necessary to apply an iteratinethodology
essential for new and existing building, specitdlyranslate the
results into a first draft of standard BIM guidelinalid for the
Italian market.
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